This functional magnetic resonance imaging study shows that children and adults with bipolar disorder (BD), compared with healthy subjects, exhibit impaired memory for emotional faces and abnormal fusiform activation during encoding. Fusiform activation abnormalities in BD were correlated with mania severity and may therefore represent a trait and state BD biomarker.
Introduction
Both adults and children with bipolar disorder (BD) display deficits in face memory (McClure et al., 2005; Glahn et al., 2010) and affect recognition (Getz et al., 2003; Rich et al., 2008b) . It is important to delineate the neural correlates of these deficits. While data demonstrate neural dysfunction in pediatric BD during emotional-face encoding (Dickstein et al., 2007) , it is unknown whether such dysfunction occurs in adult BD.
Using a whole-brain analysis, we examined brain regions engaged by successful and unsuccessful emotional-face encoding in children and adults with BD vs. healthy subjects. We hypothesized that both BD children and adults would demonstrate behavioral deficits during emotional-face encoding (i.e., low d 0 scores; Dickstein et al., 2007) . We also hypothesized that BD subjects would have neural abnormalities during successful encoding, that is, increased activation in emotional regions, including striatum (Dickstein et al., 2007) and the amygdala (Roberson-Nay et al., 2006) , and decreased activation in faceencoding areas, including frontal regions and the hippocampus (Leube et al., 2001 ).
Methods
One hundred and twenty subjects participated: 22 adult BD (mean age 41.379.9 yr), 35 adult healthy volunteers (HV; 36.2710.4 yr), 29 child BD (14.572.7 yr), and 34 child HV (14.872.3 yr). Subjects provided informed consent/ assent; for recruitment/assessment see Dickstein et al. (2007) and Kim et al. (2012) . Based on DSM-IV criteria, BD subjects were ''narrow phenotype '' (Leibenluft et al., 2003) . HV inclusion criteria were as follows: negative history for Axis I disorders in the proband and mood disorders in first-degree relatives; normal physical and neurologic examinations; and no current medication use. For demographic and clinical information, see Supplementary materials, Table 1. Data from 13 child HV and 15 child BD appeared previously (Dickstein et al., 2007) .
We employed a subsequent-memory paradigm (Dickstein et al., 2007) . The functional magnetic resonance imaging (fMRI) data were acquired while subjects viewed gray-scale faces (happy, angry, fearful and neutral) in an event-related design (encoding phase). In separate blocks, they rated hostility, subjective fear, or nose width of the faces, or viewed them passively. Memory for these faces was tested in a surprise recognition test outside the scanner. The memory test consisted of viewing neutral faces, including previously viewed actors who had displayed emotions viewed by the subjects in the scanner, and novel actors. Subjects indicated whether they had seen each face before.
Imaging data were ''binned'' according to whether the subject correctly or incorrectly recognized previously viewed faces, thereby mapping brain regions engaged during successful encoding. Correct identifications were ''hits''; faces that were labeled incorrectly as not seen during the scan were ''misses.'' A d 0 score was calculated to measure performance during the post-scan memory task: 
